Distribution of H+ and OH-ion concentration and of specific electric resistance in a water dissociation layer formed in an ion exchange membrane was evaluated using the theoretical equation and electrodialysis experimental results. The change of the concentration in an anion exchange membrane was larger than that in a cation exchange membrane. When Mg(OH)2 was precipitated on the cation exchange membrane, the change was increased. The intensity of the water dissociation reaction is accelerated due to the auto-catalytic reaction caused by quaternary ammonium groups in the anion exchange membrane or metallic hydroxides precipitated on the cation exchange membrane.
Introduction
In ion exchange membrane electrodialysis, electrolyte concentration at the desalting surface of an ion exchange membrane decreases owing to the concentration polarization and the concentration at the solution/membrane surface reaches zero at limiting current density. At over limiting current density water dissociation occurs. The water dissociation is noticed in an electrodialysis process because it decreases current efficiency and gives rise to scale troubles, and it attracts an attention in a bipolar membrane or an electrodeionization process because it increases current efficiency. The water dissociation reaction is first observed by Kressman et al. [1] and Frilette [2] . Rosenberg et al. [3] observed current density vs. pH relationship and found that the reaction in the cation exchange membrane is weaker than that in the anion exchange membrane. The mobility of cations is generally less than that of anions in an electrolyte solution, so that the concentration polarization is generally recognized to occur more easily in the cation exchange membrane than in the anion exchange membrane. Because of this reason, it is expected that the water dissociation occurs more easily in the cation exchange membrane than in the anion exchange membrane. However, contrary to this expectation, it has been recognized that the water dissociation occurs more easily in the anion exchange membrane, and it is recognized that the violent water dissociation occurs when metallic hydroxides are precipitated on the cation exchange membrane.
(64) Vol.18 No.4 (2007) 209 In the previous investigation [4] , we discussed the mechanism of water dissociation reaction with the experimental work assuming that the water dissociation reaction generates in the water dissociation layer formed on the desalting surface of the ion exchange membrane. In this investigation the intensity of the water dissociation was divided into the intensity of the second Wien effect [5] and the auto-catalytic reaction, and it was found that the intensity of the second Wien effect is negligible. The mechanism of the auto-catalytic reaction is unknown at present, but it was recognized that the intensity of the auto-catalytic reaction caused by quaternary ammonium groups in the anion exchange membrane is larger than that caused by sulfonic acid groups in the cation exchange membrane. Further it was confirmed that the intensity of the water dissociation reaction is increased drastically due to the auto-catalytic reaction of the metallic hydroxides such as Mg(OH)2 or Fe(OH)3 precipitated on the desalting surface of the cation exchange membrane [4] .
In this investigation, we evaluate the distribution of H+ and OH-ion concentration and the specific electric conductivity in the water dissociation layer and discuss the effects of the functional groups in the membrane and metallic hydroxides on the water dissociation reaction succeeding to the previous investigation.
2. Theoretical
H+ ion and OH-ion concentration in the water dissociation layer
Under an unapplied electric potential field, the water dissociation is an equilibrium reaction as follows [6] .
•¬ (1) ka and kb are respectively the forward and reverse reaction rate constant. With an applied electric potential field, ka is assumed to increase due to the Wien effect [7] and the catalytic reaction [8, 9] , whereas kb remains being constant.
At over limiting current, the water dissociation layer is formed near the membrane surface as shown in Fig. 1 . CH, COH and CH2O (mol/cm3) are the concentration of H+ ions, OH-ions and H2O at x. l (cm) is the thickness of the water dissociation layer
The flux of H+ ions JH and OH-ions JOH (mol/cm2s) are given by the Nernst-Planck equation as follows.
•¬(4)
•¬(5) •¬(6) •¬ (7) where i (A/cm2) is current density, ƒÅH and ƒÅ oH are current efficiency for H+ and OHions respectively.
CH and COH are introduced from Eqs.
(2)- (7) as: •¬(11)•¬
Substituting Eqs. (8) and (9) 
